This paper compares dynamic relationship between economic growth and corporate tax rate during the recent financial crisis and the non-crisis period using a panel VAR for 29 OECD countries over the period 1998-2016. The results show that corporate tax rate has a significantly negative effect on economic growth. Moreover, the recent financial crisis has had a significant effect on the endogenous interaction between corporate tax rate and economic growth. According to Granger causality test, there is only one-way causality from corporate tax rate to economic growth during the non-crisis period. Interestingly, there are not any causal relationships between corporate tax rate and economic growth during the crisis period. The results show that the recent crisis has had a significant effect on the endogenous interaction between corporate tax rate and economic growth.
Introduction
Taxation is not only intended to increase the funds required for state expenditure, but it also might contribute to the income distribution, economic stability, resource allocation and economic growth. In fact, with respect to these areas, the impact of taxation on economic growth has received considerable investigation in the literature. In order to better understand the relationship between tax structure and economic growth, it is important to recognize the driving forces of economic growth. In neoclassical framework, in Solow's model (1956) , economic growth is determined by physical capital and human capital, and the only factor that can be accumulated is physical capital. Both capital and labor income taxes reduce the steady-state level of income, but they have only transitory effects on growth. Indeed, taxes have no effect on long-run growth rates. Harberger's (1964) superneutrality conjecture also contends that the tax policy is an ineffective instrument to influence growth. However, according to endogenous growth theory, both physical capital and human capital are reproducible factors and human capital accumulation is seen as a key factor for economic growth. Romer (1986) points out that knowledge, which can be seen as an investment on human capital, creates positive externalities. Thus, knowledge is assumed to be an input in production that increases marginal productivity. In these models, taxation on both physical capital and human capital affect economic growth negatively (Lucas, 1990; Trostel, 1993) . A wide range of further studies support the common findings in endogenous growth literature which suggests that taxation has effects on economic growth. For example, Helms (1985) focuses on how state and local taxes effect economic growth and concludes that increase of the state and local tax retard economic growth significantly. Koester and Kormendi (1989) analyze the effects of average and marginal tax rates on economic growth. Their results show that there is a significantly negative relationship between both average and marginal tax rates and economic growth over 63 countries.
In addition to these studies, there is a mass of literature that empirically investigates the relationship between economic growth and taxation (King and Rebelo, 1990; Lucas, 1990; Engen and Skinner, 1996; Gober and Burns, 1997; Lee and Gordon, 2005; Dackehag and Hansson, 2012; Adkisson and Mohammed, 2014; Stoilova, 2017) . On the other hand, the empirical findings of these studies for the presence and direction of this relationship are controversial. For example, some studies support the existence of both negative (Lee and Gordon, 2005; Dackehag and Hansson, 2012) and positive (Gober and Burns, 1997; Stoilova, 2017) relationships, while some studies do not support the existence of any relationship between taxation and economic growth at all (Stokey and Rebelo, 1995; Mendoza et al., 1997) .
These studies also focus on the relationship between different types of taxation and economic growth. Some of them focus on personal income tax (Pecerino, 1994; Gober and Burns, 1997; Wildmalm, 2001) , while some other focus on sales tax or property tax (Gober and Burns, 1997; Ojede and Yamarik; 2012; Stoilova, 2017) . Also, there are studies investigating the relationship between corporate tax rates and economic growth (Lee and Gordon, 2005; Dackehag and Hansson, 2012; Adkisson and Mohammed, 2014) .
Considering the tax deduction discussions on corporate tax in policy circles, understanding the connection between corporate tax rate and economic growth is very important. However, there are still few studies comparing the effect of corporate tax rate on economic growth. Thus, this paper contributes to the literature by exploring the corporate taxes as one of the robust determinants of economic growth. We use a larger sample and a more comprehensive set of variables. For example, the countries employed in this paper approximately produce 46% of the world GDP. Moreover, it is clear that financial crises have a significant effect on economic structure. Thus, this paper also contributes to the literature by taking into account the effect of financial crises on the endogenous interaction between corporate tax rate and economic growth. For this reason, we first estimate the model from the full sample period, and then to compare the relationship between non-crisis and crisis period, we re-estimate the same model for the sub-sample periods as the pre-crisis, crisis and post-crisis.
The results capture only one-way causality from corporate tax rate to economic growth; moreover, a shock to corporate tax rate decreases the economic growth during non-crisis period. Interestingly economic growth does not response a shock in corporate tax rate during the crisis period. It is clear that the recent crisis has significantly affected the endogenous interaction between corporate tax rate and economic growth.
The following section includes a literature review. Section 3 shows description of data and section 4 presents the model specification. Section 4 provides the empirical results and discussion, while section 5 concludes.
Literature Review
The relationship between taxation and economic growth has been investigated in many papers (Lucas, 1990; King and Rebelo, 1990; Engen and Skinner, 1996; Lee and Gordon, 2005; Ojede and Yamarik, 2012; Atems, 2015) . It is important to answer the question of how tax policy affects economic growth. There are several ways. First, corporate tax rates affect investment decision adversely. There are numerous studies in the literature showing that corporate tax rates have a significantly negative effect on investments and foreign direct investments (Slemrod, 1990; Desai et al. 2004; Benassy-Quere et al., 2005; Ederveen, 2005, 2006; Djankov et al., 2010) . Second, taxes may affect labor supply or, in another words, laborleisure choice adversely (Engen and Skinner, 1996; Salanie, 2003; Hindricks and Myles; .
The effect of tax rate on economic growth has been a popular research topic. Many papers in the literature emphasize the significantly negative effect of tax rate on economic growth. For example, Easterly and Rebelo (1993) examine the relationships between fiscal policy and economic growth by using the fiscal variables such as central government surplus, public investment and different measures of tax rates. They conclude that a marginal income tax rate has a negative effect on economic growth. The issue of growth and taxation is also addressed by Razin and Yuen (1996) . They investigate the relationship between capital income taxation and economic growth, considering the international capital mobility and endogenous population.
Under perfect capital mobility, capital income taxes have larger effects on the long-run growth than under no-capital mobility. Engen and Skinner (1996) highlight the effect of tax policy on economic growth. In fact, they report that a 5% decrease in a marginal tax rate or a 2.5% decrease in average tax rate would likely increase economic growth by 0.2% or 0.3%. Although this effect can be considered to be marginal, it can be clearly seen that there is a big long-term effect by accumulating over the past 36 years. Koch, Schoeman and van Tonder (2005) examine the relationship between taxation and economic growth in South Africa from 1960 to 2002. Their findings show that there is a significantly negative relationship between tax burden and economic growth.
While investigating the relationship between taxation and economic growth, focusing on the different types of taxes, Wildmalm (2001) tests the presence of the association between tax structure and economic growth by using data from 23 OECD countries for the period from 1965 to 1990. She finds that personal income taxes have a significantly negative effect on economic growth. Lee and Gordon (2005) investigate taxation policies and economic growth relationship in a cross-section data set of 70 countries over the period from 1970-1997. Their finding shows that there is a significant and negative correlation between statutory corporate tax rate and economic growth. Pesendorfer (2008) shows that the high level of labor taxes affects the growth potential negatively in Austria. Ojede and Yamarik (2012) test the short and long-run effects of tax policy on state-level growth for 48 contiguous US states over the period from 1967 to 2008.
They find a significantly negative effect of property and sales tax rates on long-run income growth, while there is not any significant evidence of income tax rates on growth. Dackehag and Hansson (2012) investigate the relationship between income taxation and economic growth using statutory tax rates on corporate and personal income for 25 rich OECD countries in the period 1975-2010. They find that both taxation of corporate and personal income have a negative effect on economic growth. In contrast to common view, there are studies suggesting a positive relationship between some taxes and economic growth. Gober and Burns (1997) state that increases in personal income tax, sales tax and corporate income tax increase GNP, while increases in property tax decrease GNP. Stoilova (2017) focuses on the relationship between taxes and economic growth for the 28 EU countries in the period 1996-2013. The findings of that study suggest that the taxes on productions and imports have a strong positive impact on economic growth, but the value added taxes have a negative effect on economic growth. The property taxes and economic growth relationship is insignificant, while the personal income tax has a positive effect. However, the corporate taxes have a positive but very weak effect on economic growth. Moreover, the coefficients become insignificant when using instrumental variables.
It is also possible to find some studies that cannot capture any significant relationship between taxation and economic growth. For example, Wang and Yip (1992) state that the negative impact of factor taxes on economic growth is compensated by the positive impact of consumption taxes in Taiwan. Therefore, aggregate tax rates do not have an effect on long-run economic growth. In addition, their findings suggest that the tax structure is more important than level of taxation. Pecorino (1994) also highlights the effect of tax structure. He concludes that the effect of changing the income tax with a consumption tax on the growth rate is estimated to be 1% per capita per year. Pecorino (1995) also finds that the negative effect of taxation on growth is mild. Stokey and Rebelo (1995) investigate the effect of tax reform on economic growth in the U.S. They conclude that tax reform would have little or no effect on the U.S. growth rate. Mendoza et al. (1997) examine the effects of tax structure on growth and investment by using panel data for 18 OECD countries. They do not capture any significant evidence supporting the association between tax structure and growth. Myles (2000) reviews the association between taxation and economic growth by focusing on both theoretical and empirical frameworks. He concludes that the effect of taxation on growth is negligible. However, when the growth is endogenous, taxation can affect the factors that determine growth.
Therefore, he states that tax structure is critical.
Recently, various methods are used in the literature to better model the dynamics between taxation and growth. For example, Arnold et al. (2011) use a pooled mean group estimator for 21 OECD countries over the period from 1971 to 2004 and investigate the impact of the tax structure on economic growth. Empirical findings of their study emphasize that corporate taxes have negative effects on productivity and investments. Thus, corporate income taxes can be harmful for growth. Atems (2015) uses a different methodology, spatial econometric models as called from previous studies. The main finding of that study is that while 1% increase in state and local taxes is associated with a 0.37% decrease in growth in the short-run, 1% increase in state and local taxes is associated with a 0.33% decrease in growth in the long-run.
There are few studies explaining how the financial crisis affects this relationship. For example, Adkisson and Mohammed (2014) investigate that the relationship between the tax structure and short-run growth through the business cycle, particularly in the 2008 Great Recession. They use a pool of data on the 50 states of U.S. between 2004 and 2010. Their results show that differences in tax structure have little effect on economic growth in the context of Great Recession in 2008. In addition, short-term decreases in corporate taxes are not recommended to contribute to the recovery. In the light of these considerations, the aim of this paper is to fill the gap in the literature by comparing the dynamic relationship between corporate tax rate and economic growth during the recent financial crisis and non-crisis periods.
Data
The data covers 29 OECD economies for the period between 1998 and 2016, for which the data is available. We use panel data that consists of both cross-sectional and time series information to test for any endogenous interaction between different corporate tax rate (TR) and economic growth rate (GR). The source of data is presented in Table 1 .
We first estimate the model from the full sample period, and then to compare the relationship between the non-crisis and crisis periods, we re-estimate the same model for the sub-sample periods as the pre-crisis, crisis and post-crisis. Detection of crisis periods is a controversial topic in the literature. The distributions of data, threshold models and news based framework are some of the common methodologies in the literature (Lowell et. al, 1998; Favero and Giavazzi, 2002; Dungey, 2009 ). Following the existing literature, the crisis period is defined from 2007 to 2008 based on a news-based framework (Dungey, 2014; NBER 2010; Yalama, 2012) . The precrisis period ranges from 1998 to 2006, the crisis period ranges from 2007 to 2008, and the post-crisis period ranges from 2009 to 2016. Table 2 shows that there is a huge variation in corporate tax rates across countries. In other words, there exists a large variation in corporate tax rates across countries. Corporate tax rates also vary significantly over the pre-crisis, crisis and post-crisis sub-periods. Average corporate tax rates drop from 27.13% in the pre-crisis period, to 24.32% in the crisis period, and then drop again to 23.03% level in the post-crisis period. Cross-country variation of corporate tax rates tends to persist over years. As can clearly be seen in Table 2 , corporate tax rates have declined over the last 10 years in most of the countries. It is interesting to test whether the decrease of corporate tax rate brings economic growth in to the OECD countries during the crisis and non-crisis period. There are so many empirical papers emphasizing that higher corporate tax rates should decrease economic growth (see Lee and Gordon, 2005; Arnold et al., 2011; Dackehag and Hansson, 2012) .
Interestingly, however, there are currently no studies that compares the effect of corporate tax rate on economic growth during the crisis and non-crisis periods. Table 3 presents the descriptive statistics for GR and TR with respect to the overall, within and between variations during the periods of pre-crisis, crisis and post-crisis. Overall variation represents variation over years and countries. Between variation represents variation between countries, and within variation represents variation within each country (over years). According to Table 3 , the mean values for GR and TR are 0.034 and 27.13% for the precrisis period; 0.028 and 24.32% for the crisis period; and 0.009 and 24.03% for the post-crisis period, respectively. The minimum values for GR and TR are -0.06 and 9.4% for the pre-crisis period; -0.05 and 8.8% for the crisis period; and -0.16 and 7.9% for the post-crisis period, while the maximum values for GR and TR are 0.11 and 41.7% for the pre-crisis period; 0.10 and 41.3% for the crisis period; and 0.23 and 41.7% for the post-crisis period, respectively.
According to standard deviation of GR, we have less between variation from one country to the next than within variation for all the sub-periods, which means the variation of countries over years. According to standard deviation of TR, things change and we have more between variation from one country to the next than within variation for all the sub-periods.
Methodology
This paper uses a panel VAR approach for several reasons. First, panel data consists of both "time series" and "cross-section" dimensions. Thus, we have considerable observation derived from both "time series" and "cross-section" dimensions, which increases degree of freedom and certifies estimation of a more robust model (Baltagi, 1995) . Second, the panel VAR model allows us to investigate the endogenous interaction between corporate tax rate and economic growth. In other words, the VAR approach takes into account the fact that TR can have an impact on the GR and, at the same time, TR can be influenced by GR. Moreover, the panel VAR analysis based on the system GMM approach allows us to elaborately analyze a small sample, the omitted variables, and endogeneity problems. Third, panel Granger causality analysis based on the panel VAR methodology helps us identify the direction of the relationship between TR and GR. Finally, Impulse Response Functions (IRFs) allow us to assess the dynamic associations between TR and GR.
The model is as follows:
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Here, i (1,…N) denotes the countries, t (1,…,T) denotes the time period, and z denotes the lag number. and are white noise errors. and µ are individual fixed effects for the panel member. GRi,t denotes economic growth rate in different countries, while TRi,t denotes corporate tax rates.
The basic idea of Granger Causality is that if past values of TR are significant predictors of the current value of GR even when past values of GR have been included in the model, then TR exerts a causal influence on GR. Using the above equation, one might easily test whether TR is said to have a predictive power for GR based on an F-test with the following null hypothesis
On the other hand, we test whether the GR is Granger cause for TR and the corresponding null hypothesis ( , is:
where TRi,t and GRi,t are the observations of two stationary variables for the countries in period t.
If H0,1 is rejected, it indicates that causality from TR to GR exists. It can be tested for causality in the other direction as well, and it is possible to detect the existence of causality for testing H0,2. If H0,2 is rejected, one can conclude that causality from GR to TR exists.
The correct choice of lag length is important to avoid non-trustable results on Grangercausality. Thus, this paper uses Schwartz Information Criteria (SIC) for determining optimal lag.
According to SIC, we select a lag length of two as optimal.
Because the priority requirement as stationary is necessary for implementing the Grangercausality tests, a panel unit root tests are applied for both GR and TR variables in the all the sub-periods as pre-crisis, crisis and post-crisis. The results are presented in Table 4a and 4b.
According to Table 4a and 4b, we reject the null hypothesis of non-stationarity for the all variables at levels for the full sample and all the related sub-samples. The results fail to reject the null hypothesis that GR does not Granger-cause TR at the 5 percent level of significance for both the full sample and all the sub-sample periods. The results
show that there is no evidence of causality from GR to TR.
As a result, we only capture one-way Granger causality from TR to GR during the non-crisis period (both for the pre-crisis and post-crisis periods).
After detecting Granger causality relationship between TR and GR by relying on the panel VAR methodology, we further investigate the endogenous interaction between TR and GR during the crisis and non-crisis periods by applying structural impulse-response functions (IRFs), which assess the dynamic effects for exogenous shocks of TR to GR in the system. According to Figure 1 , a shock to corporate tax rate decreases the economic growth during non-crisis period. Interestingly economic growth does not response a shock in corporate tax rate during the crisis period. It is clear that the impulse responses functions for crisis period are very different from those in the pre-crisis, post-crisis and full sample periods, which suggests that the recent crisis has profoundly affected the endogenous interaction between corporate tax rate and economic growth.
Conclusions
In terms of fiscal policy, it is important that taxes should positively affect economic growth.
However, corporate tax has direct impacts on investment decisions, capital structures and earnings of corporations. Depending on the extent of taxation of corporate earnings, the entrepreneurs may give up their investment decisions and reduce their existing investments. On the other hand, a low corporate tax rate can generate both a higher rate of capital investment and a more entrepreneurial activity, which will directly affect economic growth. Total Sample Data: Response of GR to TR It is essential that policy-makers detect optimal tax rate so as to meet the expectations of both governments and entrepreneurs. In other words, the tax rate adopted by policy-makers should ensure both economic growth for the government and sustainability of investments for entrepreneurs.
The primary aim of this paper is to investigate the relationship between corporate tax rate and economic growth. On the other hand, this paper also tests whether the recent financial crisis has any significant effect on the dynamic relationship between economic growth and corporate tax rate by using panel VAR for 29 OECD countries over the period 1998-2016. The results show that corporate tax rates have a significantly negative effect on economic growth.
Moreover, the recent financial crisis has had a significant effect on the endogenous interaction between corporate tax rate and economic growth. According to Granger causality test, there is only one-way causality from corporate tax rate to economic growth during the non-crisis period.
Interestingly, there is not any causal relationship between corporate tax rate and economic growth during the crisis period.
The public policy should focus more on corporate tax deduction to increase the economic growth during non-crisis period. Interestingly corporate tax rate is not significant policy tool to increase economic growth during the crisis period.
Future studies may contribute to the literature describing the relationship between tax rates and economic growth by focusing on the impact of different tax rates, on different characteristics of crises or on the impact of econometric methods on these relationships.
